Routine Faraday rotation observations of the VHF signal from the geostationary satellite ATS 3 made at Sagamore Hill (Massachusetts) revealed that an unusually large and rapid decay in the ionospheric total electron content (TEC) occurred near 1240 EST on May 14, 1973. The disturbance appeared as a dramatic 'bite-out' of substantial magnitude (>_50%) and duration (of the order of hours) in the expected diurnal TEC curve for that day. Observations from other sites revealed that a 'hole' in the ionospheric F region was created over a region approximately 1000 km in radius. The onset of the TEC disturbance occurred within 10 min of the launch of NASA's Skylab workshop by a Saturn 5 rocket. As the rocket moved at F regio_n -heights, the burning second-stage engines passed within 150 km of the Sagamore Hill ray path to ATS 3. A detailed analysis of the aeronomic reactions initiated by the constituents of the exhaust field revealed that the F•. region plasma experienced a devastating loss process as the plume expanded. The specific mechanism involved was the rapid ion-atom interchange reactions between the ionospheric O + and the hydrogen and water vapor molecules in the plume, followed by dissociative recombination of the molecular ions. Model calculations of the diffusion of the plume in the ionosphere and its effect upon continuity equation calculations for TEC showed an excellent agreement with the observed onset and magnitude of the effect. The phenomenon has interesting astrophysical and geophysical implications.
where f is the signal frequency, /f4 is a quantity dependent upon the geomagnetic field intensity and ray path geometry, and K is a constant related to the choice of units. Titheridge [1972] has shown that the polarization data obtained at midlatitudes by using a geostationary satellite beacon approximately describe the above integral through a 2000-km vertical column which intersects the VHF ray path at a height of 420 km. The ground-based location of the derived 'columnar content' is generally called the subionospheric point. Continuous observations of TEC have been made at many sites ever since the first geostationary (or synchronous) satellites were launched in the early 1960's. A great deal of information has been learned about the normal spatial and temporal variations ofTEC [Garriott et meridian to geostationary satellites above the equator. For each station-satellite pair the 420-km subionospheric point is marked by an asterisk; these coordinates are then listed in Table I . In Table 2 a summary is presented of times of significant events in the launch [Pinson, 1973] . While the spatial and temporal relationships between the Sagamore Hill TEC effect and the burning rocket trajectory suggest more than a simple coincidence, there are other complicating factors which must be addressed before the ionospheric hole depicted in Figures 1 and 4 can be discussed in terms of the Skylab launch. Specifically, May 14, 1973, was a day of high geomagnetic activity. Since strong geomagnetic storms typically provoke substantial distortions in a normal TEC curve, one must exercise caution in attempting to suggest that this particular disturbance resulted from a unique agent independent of the magnetic activity. Since this is a crucial point to all that follows, we now take time to discuss the problem in detail.
The be more or less susceptible to the Saturn exhaust mechanism to be proposed or whether the ionospheric effects in turn caused small magnetic field effects will not be considered at this time.
ELECTRON LOSS MECHANISMS IN THE F REGION
The expanded polarimeter tracing in Figure 4 showed that The second set of calculations presented in Figure 9 gives results for a tenfold increase in the source function; i.e., in- Table 2 shows that during the early portion of the S-ll burn, the Saturn/Skylab vehicle was traveling slower than the exhaust speed (4.4 km/s), while toward the end of the burn the vehicle was moving at 7.3 km/s. The exhaust thus entered the atmosphere at a relative speed opposite to the direction of motion in the early phase of the burn and in the direction of the vehicle motion towards the end of the burn. While this streaming of the exhaust suggests a net motion toward Goose Bay and away from Urbana, simple estimates show that within a short time (of the order of minutes) such a jet of particles would easily encounter an amount of atmosphere equal to its mass, and thus momentum arguments point to the exhaust quickly losing any net motion toward or away from the rocket.
The parameter which seems crucial to the time differences between the onset of the effect at Goose Bay and the onset at Urbana is the height at which the exhaust enters the atmosphere. The diffusion of the plume toward Urbana is a much slower process than its diffusion towards Goose Bay simply because Urbana's source function at 250 km encounters a much denser atmosphere than the exhaust at 442 km which diffuses towards Goose Bay. As a way of demonstrating this point, consider the results in Table 3 , which give the mean free paths and diffusion coefficients for H•. and H:O through an oxygen atmosphere defined by the N(O) concentration given by the Jacchia model (for T = 1000,øK) at heights of 250, 350, and 450 km. These heights correspond to the appropriate source functions for spherical diffusion calculations relevant to the Urbana, Sagamore Hill, and Goose Bay ATS 3 observations. Also shown in Table 3 
In ( Table 3 ). Banks and Kockarts [1973] show that the ionization rate ! for O + is of the order of 3 X 10 -* s -•, nearly a factor of 10 greater than the I(H• +) given in (32); it thus follows that the production of H• + and e-will be a factor of 100 less than the ambient production of O + and e-. 
